This study addressed the selection of the rhizospheric microbial community from the bulk soil reservoir under agricultural management of soybean in Amazon forest soils. We used a shotgun metagenomics approach to investigate the taxonomic and functional diversities of microbial communities in the bulk soil and in the rhizosphere of soybean plants and tested the validity of neutral and niche theories to explain the rhizosphere community assembly processes. Our results showed a clear selection at both taxonomic and functional levels operating in the assembly of the soybean rhizosphere community. The taxonomic analysis revealed that the rhizosphere community is a subset of the bulk soil community. Species abundance in rhizosphere fits the log-normal distribution model, which is an indicator of the occurrence of niche-based processes. In addition, the data indicate that the rhizosphere community is selected based on functional cores related to the metabolisms of nitrogen, iron, phosphorus and potassium, which are related to benefits to the plant, such as growth promotion and nutrition. The network analysis including bacterial groups and functions was less complex in rhizosphere, suggesting the specialization of some specific metabolic pathways. We conclude that the assembly of the microbial community in the rhizosphere is based on niche-based processes as a result of the selection power of the plant and other environmental factors.
Introduction
Within the soil system, the immediate surroundings of the plant root, that is, rhizosphere, is a microbial hot spot considered to be one of the most dynamic interfaces on earth (Philippot et al., 2013) . The microbial community of the rhizosphere constitutes part of a complex food web that utilizes the nutrients released by the plant (for example, exudates, border cells, mucilage), which are the major driving forces in the regulation of microbial diversity and activity in the immediate vicinity of plant roots (Mendes et al., 2013) . The main source of the species richness in the rhizosphere is the adjacent root-free soil, called the bulk soil, and so changes brought about in the communities of the bulk soil, for example, by land-use changes, will also have an effect on the assembly and the final composition of rhizosphere communities.
Several hypotheses have been raised regarding microbial community assembly, including the 'neutral theory' and the 'niche theory' (Dumbrell, 2010) . The neutral theory predicts that the structure and composition of species communities is related to the geographic distance between samples as a result of dispersal limitation, as many species are functionally equivalent in their ability to exploit niches. Thus, their abundance will follow a zero-sum multinomial (ZSM) distribution (Hubbell, 2001; McGill et al., 2006) . The niche-based theory predicts that changes in species community composition are related to changes in environmental variables (Jongman et al., 1995) , as species have unique properties that allow them to exploit unique niches available. Their species abundances will follow pre-emption, broken stick, log-normal and ZipfMandelbrot models (Motomura, 1932; MacArthur, 1957; McGill et al., 2007) . Both theories are well connected with environmental factors, but neither suggest how the microbial community assembly in the main hot spot of life in soil, that is, the rhizosphere, is driven. We consider this knowledge to be vital for a more precise prediction and, thus, for the development of a better soil management strategy to cope with the negative effects of land-use changes and the development of more sustainable agricultural practices.
Several studies regarding microbial rhizosphere communities have shown the key role of plant species in shaping the microbial community in the rhizosphere. These studies included among others Arabidopsis (Bulgarelli et al., 2012; Lundberg et al., 2012) , rice (Knief et al., 2011) , oak (Uroz et al., 2010) , norway spuce (Calvaruso et al., 2009) , wild oats (DeAngelis et al., 2008) , potato (Rasch et al., 2006) , tobacco (Robin et al., 2006) and soybean (Xu et al., 2009) . However, it is not well understood to what extent plants can select a constant rhizosphere community from highly contrasting reservoirs of bulk soil communities especially under humid tropical conditions.
Because of the increasing role of large-scale agriculture in Amazon and expansion of cropland (mainly soybean) into areas previously covered by forest, we would like to obtain a better insight into the ecological process of bacterial community selection and assembly in the soybean rhizosphere in Amazon soils recently converted into cultivation. For this purpose, we applied a DNA shotgun sequencing and integrating taxonomic and functional data to analyze the microbial community inhabiting the bulk soil and the rhizosphere of soybean cropland from an agricultural zone located in the Southeastern Brazilian Amazon, so to determine the extent to which a particular plant species, that is, soybean, is able to select a rhizospheric microbial community from the bulk soil reservoir. Because of the effects that land-use changes may have on the chemical and physical characteristics of former tropical forest soils, we hypothesize that niche-based mechanisms will explain the community assembly in the rhizosphere through a selective power of the plant in the rhizospheric environment. For this purpose, we compared the taxonomic and functional profiles among 24 independent samples from soils and rhizosphere after 1 and 5 years of soybean cultivation, respectively.
Although there are reports addressing the composition and structure of rhizospheric community from different plant species, this is the first study that used shotgun metagenome and integrating taxonomic and functional data to examine whether neutral or niche-based mechanisms would best explain the assembly of the microbial community of the rhizosphere. (slash-and-burn deforestation) . In both fields, after forest conversion to arable land, the annual crop rotation was: millet, soybean, and maize, under no-tillage. After deforestation, fertilizers, pesticides and a liming treatment were applied to the cropland fields at both locations. The cropland fields received different amounts of lime to increase soil pH to 5 and 6.
Material and methods

Sampling sites
At each sampling site, the soil samples were collected from five points before sowing in two different sampling periods (November 2009 and November 2010) . Sampling was performed by selecting one central point and four other sampling points (at least 50 m apart from the central point) directed towards the north, south, east and west of the central points. Soil samples were taken from the 0-to 20-cm topsoil layer. First, the litter layer was removed, and, then the soil samples were collected. A total of 20 bulk soil samples were collected in field (2 field locations Â 2 sampling periods Â 5 samplings per site). Samples were transported to the laboratory within 72 h after sampling for the preparation of the mesocosms.
Mesocosm experiments
The soil samples collected at the field were used in mesocosm experiments, where soybean plants were grown in greenhouse at CENA-University of São Paulo (USP), Piracicaba, Brazil. The experiments were carried out in the greenhouse in order to normalize the influence of environmental parameters (such as moisture regime and temperature) on the growth conditions of the plants. To simulate field conditions, the same cultivar of soybean Glycine max (L.) Merril (Cultivar M-SOY 8866) was used in the experiments, and before sowing, the seeds were inoculated with Bradyrhizobium japonicum, in a concentration of 10 10 viable cells per kg of seed, which is a common practice for soybean cultivation in Brazil.
The mesocosms consisted of ceramic pots (30 cm high Â 20 cm diameter) with a stone layer of 5 cm on the bottom. The pots were filled with approximately 8 kg of soil, and three soybean seeds were sowed in each pot. Each soil sample consisted of a composite sample by mixing five subsamples collected in each point from the 0-to 20-cm topsoil layer. Fifteen pots (three per sampling point) for each site were used in the experiment, including control pots without plants. The plants germinated at 28/19 1C (day/ night) with a 12-h photoperiod. Temperature and moisture were regularly adjusted to create optimal growth conditions for the plants. Soil samples were collected after 80 days of plant growth, period which corresponds to the end of growing period of the plants. Plants were collected and the roots with attached soil were removed from the pots and transported on ice to the laboratory. The roots were shaken to remove the loose soil and the remaining attached soil, considered to be the rhizosphere soil, was collected by using sterile brushes. Soil samples from the control pots were considered as bulk soil. The experiments were carried out two times during the tropical summer period of November-January 2009/2010 and November-January 2010/2011.
DNA extraction and sequencing DNA extraction from 250 mg of soil was carried out using PowerSoil DNA Isolation Kit (Mobio Laboratories, Carlsbad, CA, USA), according to the manufacturer's protocol. DNA quality and concentration were measured by 1% sodium boric acid (Brody and Kern, 2004) agarose gel electrophoresis and NanoDrop 1000 spectrophotometer (Thermo Scientific, Waltham, MA, USA). In total, 24 DNA samples were sequenced (Macrogen Inc. Company, South Korea) on a Roche 454 automated sequencer GS-FLX system Titanium series reagent (454 Life Sciences, Brandford, CT, USA).
Annotation of metagenomic sequences and data analysis Unassembled DNA sequences were annotated with the Metagenomics Rapid Annotation (MG-RAST) pipeline version 3.3 (Meyer et al., 2008) . Taxonomic and functional profiles were generated using the normalized abundance of sequence matches to the SEED database (Aziz et al., 2008) . A table of the frequency of hits to each individual taxa (taxonomy) or subsystem (function) for each metagenome was generated and normalized by dividing by the total number of hits to remove bias indifference in read lengths and sequencing efforts. To identify hits, BlastX was used with a minimum alignment length of 50 bp and an E-value cutoff of Eo1 Â 10 À 5 (Dinsdale et al., 2008; Smith et al., 2012) . Nonmetric multidimensional scaling (NMDS) plots were used to visualize the structure among samples, using the taxonomic and functional abundance matrix generated as described above. The plots were generated from Bray-Curtis similarity index matrices of the 24 samples. Diversity measurements (Shannon's index) were calculated based on taxonomic abundance matrix at species level. NMDS and Shannon were calculated by using the PAST software (Hammer et al., 2001) .
All statistical analyses were performed for 2 years of the experiments (2009 and 2010) , and when convenient, the data were presented together. To determine statistical differences between the bulk soil and the rhizosphere samples, the Statistical Analysis of Metagenomic Profiles (STAMP) software package was used (Parks and Beiko, 2010) . For this, a table of the frequency of hits of taxa and functional subsystem (SEED database) for each metagenome was generated from MG-RAST and used as input. P-values were calculated using the two-sided Fischer's exact test (Fisher, 1958) , while confidence intervals were calculated using the NewcombeWilson method (Newcombe, 1998) and correction was made using Benjamini-Hochberg false discovery rate (Benjamini and Hochberg, 1995) .
Network analyses were performed to better understand the taxonomic and functional relations within the microbial communities. For analyzing the networks, we calculated all possible Spearman's rank correlation coefficients. In order to filter the data for reduced network complexity, we considered high correlations with cutoff at r 40.7 and statistically significant P-value o0.01 and o0.001 for taxonomy and function, respectively, taking into account all replicates. The nodes in the reconstructed network represent taxa and functional groups, and edges represent high and significant correlations between nodes. The network graphs were made based on a set of measures, as average node connectivity, average path length, diameter, and cumulative degree distribution. Statistical analyses were carried out in the R environment (http:// www.r-project.org/) and networks visualization with the interactive platform Gephi (Bastian and Jacomy, 2009) .
To test whether neutral or niche-based mechanisms best explain the assembly of the microbial community, we examined the rank abundance distribution. The neutral theory predicts that rank abundance distribution will be consistent with ZSM (Hubbel, 2001 ). On the other hand, the niche-based theory assumes that the rank abundance distribution would fit the pre-emption, broken stick, log-normal and Zipf-Mandlebrot models (Motomura, 1932; MacArthur, 1957; McGill et al., 2007) . The species rank abundance for each metagenomic sample were fit to broken stick, pre-emption, log-normal, Zipf and Zipf-Mandelbrot rank abundance models using the command 'radfit' found in the R package vegan (R Development Core Team, 2007; Oksanen, 2010) and the ZSM model using TeTame (Jabot et al., 2008) . The models were compared based on the Akaike Information Criterion (AIC), which is a measure of relative quality of a statistical model, providing a means for model selection. AIC values for generated models were calculated based on the equation AIC ¼ À 2 log-likehood þ 2 Â npar, where npar represents the number of parameters in the fitted model (Feinstein and Blackwood, 2012) . The AIC values were compared to determine which model provided the best fit to the empirical data, indicated by the lowest value (Dumbrell et al., 2010) .
Results
Soil characteristics
The soil pH of the 1-year soybean site was 4.1 ± 0.3 and the texture of 50:3:47 (sand:silt:clay) while the soil pH of the 5-year soybean site was 5.0 ± 0.2 and the texture of 40:3:57. Among all sites and replicates, the organic matter content ranged from 34 to 38 g kg À 1 , total nitrogen from 1.43 to 1.82 g kg À 1 and organic carbon from 16 to 24 g kg À 1 (Supplementary  Table S1 ; for more detailed soil characteristics discussion, see Navarrete et al., 2013) .
Taxonomic profiling of metagenomes
Overall, sequencing yielded 43.2 million reads. After quality trimming, a total of 2 472 359 sequences, with average length of 523 bp, were obtained for 24 samples (Supplementary Table S2 ). Using a cutoff of Eo1 Â 10 À 5 and 50-bp minimal align length on MG-RAST server, an average of 75% of sequences were predicted as protein. Metagenomic libraries were dominated by Bacteria (96% of hits to SEED) with sequences also matching Eukaryote (3%) and Archaea and Virus (1%). Proteobacteria represented the highest percentage of matches to the SEED database for all samples with average of 47% of all sequences, followed by Actinobacteria (23%), Firmicutes (6%) and Acidobacteria (5%) (Supplementary Figure S1A) . When focusing on the most abundant phylum Proteobacteria, the numbers of sequences affiliated with distinct classes showed subtle differences among bulk soil and rhizosphere samples (Supplementary Figure S1B) . Rarefaction curve analysis shows that sequencing has detected much, if not most, of the diversity present in all samples for the 2 years of the experiment (Supplementary Figure S2) . In general, 28% of total sequences could not be assigned to known sequences in the database.
Bulk soil vs soybean rhizosphere
In order to visualize the differences in community structure and function between bulk soil and soybean rhizosphere samples, the taxonomic abundance profiles were used to compute a Bray-Curtis similarity matrix, coordinated into two dimensions by using NMDS (Figure 1 ). Samples were grouped according to site and age of harvest (analysis of similarity Rglobal ¼ 0.811, Po0.01); rhizosphere samples were more similar to each other than to bulk soil samples. This analysis revealed clear differences in the microbial community structure between bulk soil and rhizosphere. When samples were compared using the STAMP software, there was an over-representation of the phyla Actinobacteria, Acidobacteria, Chloroflexi, Cyanobacteria, Chlamydiae, Tenericutes, Deferribacteres, Chlorobi, Verrucomicrobia and Aquificae (Po0.01) in the rhizosphere (Figure 2) . At the class level, the rhizosphere presented an over-representation of Bacilli, Mollicutes, Clostridia, Gammaproteobacteria, Epsilonproteobacteria, Chlamydiae and Thermomicrobia (Po6.9e À 4 ) (Supplementary Figure S3) . To predict soil microbial functions, the functional profiles of bulk soil and soybean rhizosphere samples were analyzed according to the SEED database, and the most prevalent core of functions for all samples was 'carbohydrates', while a high abundance of sequences were matching 'membrane transport', 'iron acquisition and metabolism' in the rhizosphere samples (Supplementary Table S3 ). The comparison of the functional profiles by STAMP revealed an over-representation of membrane transport (Po1e À 15 ) and functional cores related to metabolism of nitrogen, phosphorus, potassium and iron (Figure 3 and Supplementary Figure S4) .
The network analysis was markedly different for bulk soil and rhizosphere samples (Figure 4 and Table 1 ). In general, the number of correlations in the rhizosphere was less than in the bulk soil. In the bulk soil, the network had 181 nodes and 194 edges (positive correlations), and the modularity was 0.828 with 55 communities while, for the rhizosphere, the network presented 182 nodes and 143 edges, that is, positive correlations, and the modularity was 0.914 with 59 communities. All positive and negative correlations were measured: between bacterial groups (bact-bact), between functional groups (func-func), and between bacterial and functional groups (bact-func) ( Table 1 ). The number of positive correlations was higher than the negative ones for both bulk soil and rhizosphere. In general, the number of correlations was higher in the bulk soil than in the rhizosphere, except for functionfunction negative correlations, which showed the highest number in the rhizosphere. For bulk soil samples, the five bacterial groups that presented more correlations were Deltaproteobacteria, Bacteroidia, Chloroflexi, Planctomycetacia and Sphingobacteria, while Chloroflexi, Deltaproteobacteria, Solibacteres, Sphingobacteria and Gammaproteobacteria were the groups with most correlations in the rhizosphere (as indicated in Figure 2 and Supplementary Figure S5) .
The data of all samples were fitted to theoretical species abundance distribution models to test whether neutral or niche-based mechanisms could best explain the composition and structure of microbial communities in both the bulk soil and the rhizosphere. The comparison of different rank abundance distribution models based on AIC values indicated that the ZSM gave the closest fit for the data of the bulk soil, which is consistent with neutral theory dynamics ( Table 2) . On the other hand, the rhizosphere data showed the best fit with the log-normal model, indicating dynamics according to the niche-based theory (Table 2) . When we analyzed the data based on the time of harvesting, 1-year samples fitted neutral model, while 5-year samples fitted the niche-based model (Supplementary Table S4 ).
Soybean rhizosphere 1-year vs 5-year
The taxonomical and functional profiles of the rhizosphere were compared for the 1 year and 5 Relative abundance of bacteria at the phylum level based on shotgun metagenomics data. Percentage of total sequence reads in samples from bulk soil and rhizosphere of 1-year and 5-year of soybean harvesting is presented here for the 2 years of experiments (I and II). The error bars show calculated standard variation of triplicate samples, and asterisks (*) indicate more abundant phyla in rhizosphere (P-valueo0.05). Corrected P-values were calculated using the Benjamini-Hochberg false discovery rate approach (Po0.05).
years of soybean cultivation. The NMDS analysis applied to visualize the differences among samples showed a separation according to time, revealing separated communities but with some overlap at both levels, phylum (analysis of similarity R ¼ 0.525, Po0.01) and class (R ¼ 0.52, Po0.01) (Supplementary Figures S6A and S3B ). On the other hand, the functional profile did not present a clear separation between 1 year and 5 years for both Subsystem level 1 (R ¼ 0.12, P40.05) and Subsystem level 2 (R ¼ 0.24, P40.05) (Supplementary Figures S6C and D) .
Although the diversity was not statistically different (P40.05) between 1 year (Shannon-Wiener H 0 ¼ 2.49) and 5 years (H 0 ¼ 2.27), the community structure became more homogeneous in the 5-year samples, as seen in the NMDS plot with points more disperse for the 1-year samples ( Figure 1a) and indicated by the nearest neighbors' analysis (mean distance: 1-year ¼ 0.056; 5-year ¼ 0.013).
STAMP analysis showed an enrichment of the phyla Proteobacteria (Po0.001), Verrucomicrobia (Po0.001) and Planctomycetes (Po0.01) in the Figure 3 Relative abundance of functional categories (SEED subsystem level 1) based on shotgun metagenomics data. Percentage of total sequence reads in samples from bulk soil and rhizosphere of 1-year and 5-year of soybean harvesting is presented here for the 2 years of experiments (I and II). The error bars show calculated standard variation of triplicate samples and asterisks (*) indicate categories more abundant in rhizosphere (P-valueo0.05). Corrected P-values were calculated using the Benjamini-Hochberg false discovery rate approach (Po0.05). 5-year samples and a decrease of Actinobacteria (Po0.001) ( Figure 5 ). Regarding the functional profile, the subsystem 'protein metabolism' (Po0.01) was more abundant in the samples of the 1-year crop site, while the subsystem 'regulation and cell signaling' (Po0.05) was more abundant in the 5-year sites ( Figure 6 ; these results are discussed in detail in the Supplementary Material section).
Discussion
The ordination of the taxonomic profiles revealed a clear separation between bulk soil and rhizosphere samples (analysis of similarity Rglobal ¼ 0.811, Po0.01), which indicates a selective change in the bacterial community structure in the rhizosphere as compared with the composition of the bulk soil community as has been shown by others (Marschner et al., 2001; Berg and Smalla, 2009; Uroz et al., 2010) . This influence is related to plant species and soil characteristics (Marschner et al., 2001; Kowalchuk et al., 2002; Berg and Smalla, 2009 ).
Remarkably, the NMDS analysis of the functional profiles did not show a clear separation between rhizosphere and bulk soil samples. A network analysis was accomplished in order to gain a more integrated understanding of the microbial community composition and functional traits and to compare the complexity of networks operating in the bulk soil and the rhizosphere. Our analysis was constructed using all positive and negative correlations between taxonomic and functional groups. In general, the number of correlations was lower in the rhizosphere than in the bulk soil samples. Considering that the rhizosphere community is a subset of the bulk soil community, a less complex network would be expected.
From the top five bacterial groups that presented most correlations with other bacterial groups and functional categories, Deltaproteobacteria, Chloroflexi and Sphingobacteria are representatives in both bulk soil and soybean rhizosphere. Exclusively in the soybean rhizosphere, next to Gammaproteobacteria, Solibacteres also presented a high number of correlations, which interestingly does not belong (17) 2563 (56) 565 (20) 3158 (93) The total numbers of pairwise correlations as well as significant correlations (Po0.05) among phylogenetic profile (class level), among functional profile (subsystem level 2) and between phylogenetic and functional profiles are shown. The numbers in parentheses indicate higher correlation coefficient for phylogenetic (r40.7 and Po0.01), functional (r40.7 and Po0.001) and phylogenetic Â functional (r40.7 and Po0.001) data. Abbreviations: AIC, Akaike Information Criterion; ZSM, zero-sum multinomial. Lowest AIC value for each sample represents the best fit model. AIC was calculated in the same way for the zero-sum model, from the minimum of log-likehood reported by TeTame, then multiplied by À 1 to obtain the maximum log-likehood value. Bold values indicate the best fit model. a AIC for radfit-generated models was calculated from the equation AIC ¼ À 2 log-likehood þ 2 Â npar.
Microbial community assembly in the rhizosphere LW Mendes et al to the most abundant groups. These data point to an important role of relatively rare groups in the community, by keeping important connections on a larger scale with other groups and displaying important functional traits. Within the class of Gammaproteobacteria, the two most abundant orders were Enterobacteriales and Pseudomonadales, which were shown earlier to preferentially inhabit the rhizosphere of several plants and are known for their beneficial effects on plant growth and/or protection against pathogens (Haichar et al., 2008) . In our study, certain specific functional groups were more representative in the rhizosphere than in the bulk soil. The affiliation of the sequences in the SEED database and further analysis in STAMP indicated five functional cores over-represented in the rhizosphere, that is, 'membrane transport', 'nitrogen metabolism', 'phosphorus metabolism', 'potassium metabolism' and 'iron acquisition and metabolism'. These data suggest that these traits may be related to benefits to the plant and thus it suggests that the soybean plant selects a specific microbial community in the rhizosphere based on functional traits beneficial to its own performance. Specifically, we have listed the ecological relevance of these traits below.
Membrane transport
We found a high abundance of sequences affiliated with 'secretion system type IV'. The 'secretion system type IV' is associated with symbiotic interactions between bacterial community and other organisms (Burke et al., 2011) . Interestingly, we found 'secretion system type IV' binned to bacterial phyla such as Acidobacteria, Actinobacteria, Bacteroidetes and Proteobacteria, besides the inoculated Bradyrhizobium (Proteobacteria).
Nitrogen metabolism
We found a high abundance of genes involved with nitrogen fixation, denitrification and nitrite and nitrate ammonification in the rhizosphere. The presence of a large contingent of N 2 fixation genes is logical considering the leguminous environment. However, we also found the 'nitrosative stress' function in the rhizosphere. This function is related to a de-regulated synthesis or overproduction of NO and NO-derived products that can have toxic physiological consequences to the plant (Corpas et al., 2011) .
Phosphorus metabolism
The annotation of sequences related to phosphorus metabolism in rhizosphere revealed a predominance of genes related to P uptake and alkylphosphonate utilization, indicating the enhancement of plant P availability by P solubilization and mineralization and decreasing the pH (Marschner et al., 2011) .
Potassium metabolism
Potassium is one of the essential macronutrient needed for sufficient crop growth. Microorganisms have a key role in the K cycle, with specific groups, that is, Pseudomonas, Bacillus, Rhizobium and Flavobacterium, capable of mobilizing potassium in accessible form in soils (Hu et al., 2006) .
Iron acquisition and metabolism
Genes related to 'iron acquisition in vibrio' and 'heme and hemin uptake and utilization system in Gram negatives' were observed, which might be related to an increase of iron acquisition by the plant. Iron is poorly available in most soils and, in the rhizosphere, Fe is mobilized by plant-or microbe-derived compounds, and there is an intense competition for Fe uptake (Marschner et al., 2011) .
The composition of the rhizosphere community after 5-year soya cultivation showed some degree of homogenization as compared with the 1-year soya cultivation. This process is a common result of ecosystem conversion and a subsequent increase of community similarity in the course of time (Olden and Poff, 2003) . Also, Rodrigues et al (2013) showed that the conversion of the Amazon rainforest to agricultural land results in biotic homogenization of soil bacterial communities. One of the reasons of the homogenization is the alteration of the ranges of existing species, as found in the 5-year samples, which showed an enrichment of Verrucomicrobia (Po0.001), Proteobacteria and Planctomycetes (Po0.01) and a decrease in abundance of Actinobacteria (Po0.01) (Figure 5c ).
Community assembly is highly dependent on a multitude of trophic influences, which depend on the environmental biological diversity (Caruso et al., 2011) . The two theories that may be used to explain best the microbial community assembly are the neutral theory, which focuses on stochastic process, and the niche theory, which considers the importance of deterministic processes (Leibold and McPeek, 2006) . Both theories, albeit viewed as contradictory, are not mutually exclusive. In some systems, both deterministic (niche theory) and stochastic (neutral theory) processes are responsible for structuring ecological communities (Chave, 2004) . This holds for the assembly of microbial communities as well as some studies have shown that both deterministic and neutral processes are operational in structuring microbial communities (Dumbrell et al., 2010; Caruso et al., 2011; Ferrenberg et al., 2013) . Our data point to a microbial community selection in the rhizosphere via niche filtering, while the bulk soil composition and structure seemed to be regulated by neutral processes. Also the selection at the functional level in the rhizosphere seems to be based on processes according to the niche-based theory. This trend is more evident for the 5-year samples, which indicate that the power of selection increases during prolonged soybean cultivation. As the assembly based on niche mechanisms is determined by the niche requirements and local habitat conditions (Chase and Myers, 2011) , we presume that the observed niche-based selection of the rhizosphere microbiome is largely influenced by the interaction of soil physical-chemical characteristics and rootderived products, which shape the niches and exerts niche forces in the community assembly.
Although most of the data from the rhizosphere samples fitted the niche-based model, some samples fitted the ZSM, indicating the relevance of neutralbased processes as well, mainly in the site of 1 year of soybean cultivation. Considering that the microbial community of the rhizosphere is a subset of the bulk soil, both assembly theories can be important. Nevertheless, our data clearly indicate the importance of niche-based processes in structuring the rhizospheric community.
Conclusion
Our results suggest that soybean selects a specific microbial community inhabiting the rhizosphere based on functional traits, which may be related to benefits to the plant, as growth promotion and nutrition. This selection follows largely the niche-based theory, indicating the selection power of the plant and other environmental variables in shaping the microbial community both at the taxonomic and functional level. Long-term cultivation strengthens the selective power of the crop to communities and functions that are beneficial to the plant. Further analysis are needed to better understand the mechanisms by which the plant selects the rhizospheric community, whereby the study of the role of rhizodeposits in shaping microbial communities is of prime importance.
